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Introduction
The Internet technology in association with the World Wide Web (WWW) information network opens new avenues for improving the existing education s ystem [1, 2] In the 1990s, using devices such as PDAs or laptops in educational contexts for learning and training received more researchers' attention [3] . From that date many projects were introduced to support the concept of M-learning and the use of handheld devices which help the promotion of M-learning. The continuous proliferation of personal smart phones with advanced web browsers has created an incredible opportunity that cannot be ignored [4] . M-learning spread widely in 2000s [5] and many conferences were organized to specifically discuss the future of M -learning. M-learning is a new approach of learning where it enable learners to access knowledge anytime and anywhere [6] . Moreover, M-learning considered as the next generation of distance learning. Learner, content, technology and environment are the basic elements of Mlearning where learners are at the center in all learning activities and M -learning builds on learners' interest, experiences and needs.
Moreover, M-learning provides learners with different types of mobility for instance, mobility in the physical space where the location in M-learning approach in most of the time is irrelevant, mobility of technology because of the availability of portable devices such as PDA, smart phone, laptop, tablet PC, cell phone and MP3 to be carried around and mobility of learners. M-learning content is essential as it shapes the learning process and contributes in M-learning successfulness. M-learning content is considered as a digital content where it has the ability to be presented in several formats including text, audio, video and graphics. In addition, learning content is designed in consultation with all stakeholders such as instructors, learners and parents in order to obtain the desired results.
In M-learning, learning setting is continuously changing due to the mobility of learners, learning technology and the learning content. In 2000 Chen and Kotz defined four categories of mobile context which are: 1. Computing context, 2. User context, 3. Physical context and 4 [7] . Time context. Computing context is about network connectivity, communication bandwidth and the used resources. User context is defined by the learner profile and location. Physical context is about the noise, lighting, traffic conditions and the temperature of learner's physical location. Finally, time context defines the specific time of learning. Developer of M-learning must consider the different learning context of the learners to ensure high dynamic mobility learning environment. Moreover, mobile device has constraints for instance: scree n size, input key size, battery life and limited memory that must be taken in consideration by designers and developers when developing M-learning applications.
In order to ensure the successfulness of M-learning applications, it is necessary to consider basic design principles, starting with the recognition of learner's profiles and requirements, types and considered learning environments, design of technology infrastructure and the design of learning content. This paper aims to: explore and analyze existing M-learning design frameworks, develop a new design approach for Mlearning applications and demonstrate the feasibility of the proposed design approach through a case study scenario.
The paper is organized into five sections. Section 1, the introduction, presents an overview about M-learning. Section 2, the literature review, explores the existing design approaches for M-learning and highlights the main limitations of these approaches. Section 3, the new proposed design approach, describes of the propose d design approach and its phases: SD phase, MLD phase and LCD phase. Section 4, the case study scenario, attempts to provide a scenario for developing M -learning applications using the Advanced Software Systems Development course as a sample course to show the efficiency of the proposed approach. This course is offered in the Department of Computer Science, College of Science, Sultan Qaboos University, Oman.
Literature Review
Many researches and projects focused on the design aspects of M -learning. Most of these approaches concentrated on one aspect of M-learning design and omitted other aspects such as design of the learning content, learners' requirements and content presentation models which are essential for the acceptance of the application among learners. Table 1 summarizes approaches those are related to M -learning design. Our aim is to provide a comprehensive design and development approach for M-learning applications that overcomes the limitations of the existing design approaches and covers the important aspects of M-learning design.  Personalized content
The content delivery is more useful and effective when it is delivered using both push and pull mechanisms. Push mechanism is implemented using SMS messages, alerts and scheduling calendars. While pull mechanism is implemented using M-learning websites, discussion boards and chat forums. The framework defined two types of content delivery for M-learning applications: personalized content and collaborative content. 
Phase 1: Starting Dimensions (SD) Phase
The SD phase consists of four components: stakeholders, technology infrastructure, learning environment and learner support services. The overall purpose of this phase is to give an idea to the developers about the basic aspects those involved in the learning process and learning application. A summary of phase 1 is shown in Table 2 and the details are provided in the following sub-sections. Table 2 . SD Phase Summary 3.1.1. Stakeholders: Stakeholders can be defined as anyone who is directly or indirectly affected by the system being developed or deployed [16] . M-learning stakeholders includes: learners, instructors, administrators and technician staff.
Technology Infrastructure:
M-learning technology infrastructure includes network, learning tools, platforms and content database that support various activities of M-learning environment [10] . Generally, his component consists of three different layers: mobile devices, platforms and learning content database. The mobile devices are the learning tools used to access learning content database through various mobile devices platforms supported by wireless network access.
Figure 2. M-learning Environment Styles

Learning Environment:
Wilson in 1995 defined learning environment as a location where learners can meet, work together and support each other. Learning environment contains the learner, the space and the learning tools that the learner use to acquire information and knowledge from the whole learning environment [17] . M-learning as a learning environment redefined the relation between learners, instructors and the physical 
Phase 2: Mobile Learning Development (MLD) Phase
The MLD phase is the most important phase in designing and developing M-learning applications as it is interconnected with SD and LCD phases. This phase consists of interrelated processes including: analysis, design, development, launching and evaluation. The purpose of MLD phase is to design M-learning content and develop M-learning activities that focus on the aspects: technology, learning content, learner and the learning context. A summary of phase 2 is shown in Table 3 .
Table 3. MLD Phase Summary
Step Tasks 
Phase 3: Learning Content Design (LCD) Phase
The third phase of the design approach is the LCD phase. Since learning is a dynamic process, several aspects have a significant role in the process in mobile context such as learning content. Learning content is the central aspect that contributes in shaping the learning process in M-earning. Moreover, learning content can determine whether the learner will be engaged in M-learning experience or not. The purpose of this phase is to design quality learning content that promotes effective learning, attracts learners to M-learning, suits the special features of mobile devices and meets the needs of learners. This is a challenging process. It requires an accurate planning, analysis and design of learning content and learning content delivery. Moreover, a good quality of the learning materials requires a continuous evaluation and improvement to satisfy learners' preferences. Quality is a feature that is normally defined by the user, and in M-learning environment quality is defined by the learners using M-learning application to learn new information and skills and therefore increase their knowledge. At the end of learning content design process, learning quality evaluation step should be established to ensure the qualitative aspects of the content before delivering to the learners. Quality matrix attributes for learning content include: Accuracy, significant, presentation, effectiveness and cost. A summary of phase 3 is shown in Table 4 .
Table 4. LCD Phase Summary
Step Tasks Advanced Software Systems Development (COMP6015) course has been selected for the case study scenario. This course is used as a core course for master program in the Department of Computer Science, College of Science, Sultan Qaboos University. This course will be developed as M-learning application following the phases and steps of the proposed approach. The development of the application starts by evaluating the appropriateness of the course materials to be delivered as M-learning. COMP6015 materials are suitable for Mlearning approach so, the development process moves to phase1: SD as shown in Figure 3 . After phase1: SD, the developers got a clear image about the basic components of M-learning that will help in processing phase 2: MLD. Figure 4 shows clearly the steps of phase 2: MLD. Starting from analysis step moving to design, the designers design prototypes for the learning activities and the user interface in consultation with other stakeholders. The prototypes help the designers to obtain stakeholders' comments and opinion related to design aspects in early stage before moving to the actual development of the application. Moreover, the prototypes assist designers and developers to highlight functional and non-functional requirements of the targeted stakeholders. In development stage, developers start building the learning activities based on agreed prototypes produced in the design stage. As mentioned in Figure 4 , Android studio is the development environment of the application running in Windows 7. There are system requirements needed to run Android studio properly in Windows 7 such as: 2 GB RAM minimum, at least 1 GB for Android SDK (including emulator system images and caches), 400 MB hard disk space, 1280 x 800 minimum screen resolution, and Java Development Kit (JDK) version 7 or above. Eventually, lunching the application will be supported with needed training and consultations to ensure the clearness of application usage for targeted users.
Figure 5. Examples of User Interface (UI) Prototypes
Phase 3: LCD is interconnected with phase 2: MLD as mentioned previously. It is worth to mention that, for the COMP6015 course, total of five chapters are used in M-learning application and each chapter is divided in three parts for the purpose of learning activities fitness with mobile devices. Therefore, learning quality assurance process is implemented for the whole materials to ensure achieving high quality materials that are provided in Mlearning. Indeed, the process is iterative that gives the flexibility to LCD phase to be modified based on the results of materials quality assurance and summative evaluation of the application. Figure 6 shows the steps of phase 3: LCD for the design and quality assurance of learning content. After launching the application for learners, summative evaluation will be implemented for the purpose of improvement of the whole project. The performance of students registered in the course in a specific semester will be observed and also taking their comments and opinions. In addition, other stakeholders' comments to improve the application will be considered. Summative evaluation process will be documented, and any needed improvement should be considered to increase the level of our application's acceptance.
Conclusion
Our research starts from a known fact: the popularity of M-leaning applications as learning tools and the existence of highly powerful mobile devices and a generation of digital natives. At the same time, the proliferation of M-learning applications introduces the need for framing the design process for the purpose of ensuring the successfulness of these types of applications. The paper proposed new design approach for M-learning applications. The new approach consists of three phases including starting dimensions (SD) phase, M-learning development (MLD) phase and learning content design (LCD) phase. SD phase consists of four components: stakeholders, technology infrastructure, learning environment and learner support services. Its purpose is to give a general idea about the basic aspects or dimensions involved in the learning process and learning application. MLD phase consists of five processes: analysis, design, development, launching and evaluation. It aims to design Mlearning content and develop the M-learning activities. LCD phase consists of: overall learning objectives, learning lessons, learning objectives for each lesson, learning theories, presentation models and learning quality. LCD phase is purposed to design learning materials that clearly suit the special features of mobile devices and meet the needs of each individual learners. The feasibility of the approach has been evaluated through a scenario of developing M-learning application for the Advanced Software System Development (COMP6015) course, which is offered in the Department of Computer Science, College of Science, Sultan Qaboos University.
